INTRODUCTION
Fumonisins are a group of compounds isolated for the first time from a fungus culture Fusarium moniliforme in 1988 (Gelderb lorn et al., 1988) . They are produced by Fusarium moniliforme Sheldon (also known as Fusarium verticillioides (Sacc.) Nirenberg) and Fusarium proliferation, which are widely spread in nature, and most frequently contaminate corn and corn products (WHO, 2000) .
All quantitative techniques used for fumonisins determination, except enzyme-linked immunosorbent assay (ELISA) and in some cases liquid chromatography (LC) with mass detector, require clean-up of crude extract of the analyzed sample (Abramovic et al., 2002; Jakšic, 2004) . Cartridges with different sorbents are used for that purpose: columns filled with C lg re-verse phase (RP C18), columns with strong anion exchange (SAX), as well as immunoaffinity (IMA) columns.
Comparison of efficiencies of the above said three types of columns for crude extract clean-up from different samples was the subject of several papers. For example, Müller and Gustavsson (2000) determined funionisms B, (FB,) and B2 (FB2) in different maize products by two different methods based on clean-up steps using an immunoaffinity column and a combination of SAX and C18 columns, respectively. Recovery, repeatability, and results from the survey showed comparable results among these methods. Furthermore, De G i r o l a m o et al. (2001) compared the efficiency of clean-up of extracts from different maize products on SAX and IMA columns. They found that the use of SAX clean-up column for maize flour, muffins and infant formula gave better fumonisins recoveries than IMA clean-up, while this was not the case with corn flakes and extruded maize. However, a peak interfering with FB, appears in the chromatograms of some extracts when a SAX column is used for clean-up, which, according to the authors makes the use of IMA columns obligatory.
Continuing our previously begun research (Abramovic et al., 2005) , the aim of this work was to compare the efficiencies of all three types of columns in clean-up of spiked corn extract, as well as to investigate the possibility of multiple use of SAX and RP C 18 columns, i.e. their regeneration. Finally, the investigations were performed using crude extract of corn samples naturally contaminated with fumonisins B, and B 2 in respect to recovery of fumonisins and chromatography resolution.
MATERIAL AND METHODS
All solvents used for fumonisins extraction from corn samples, as well as those for the mobile phase preparation were of LC grade. All chemic als used in the investigation were of reagent grade. Solutions were prepared in deionized water except when stated otherwise.
Fumonisins calibrant solutions. Fumonisins B, (Sigma, from Fusarium moniliforme, approx. 98% TLC) and B 2 (Sigma, from Fusarium moniliforme) were purchased as analytical standards. Calibrant solutions were prepared in acetonitrile-water (50:50, v/v) at concentration of 100 ug/ml for FB, and FB 2 . Fumonisin calibrant solutions are stable up to 6 months when stored at 4°C (Visconti et al., 2001) . Stock solution containing FB, at 10 ng/ul and FB 2 at 5 ng/ul was prepared by measuring 500 ul calibrant solution FB, and 250 ul calibrant solution FB 2 into 5 ml volumetric flasks and diluting to volume with acetonitrile-water (50:50, v/v). Working calibrant solutions were prepared by appropriate dilution of stock solutions with acetonitrile-water (50:50, v/v). Standard solutions were stored at 4°C.
Preparation of phosphate-buffered saline (PBS). 8.0 g NaCl, 1.2 g anhydrous Na 2 HPO 4 , 0.2 g KH 2 PO 4 , and 0.2 g KC1 were dissolved in about 990 ml water, pH was adjusted to 7.0 and the solution was diluted to 1 1.
Preparation of o-phthaldialdehyde-2-mercapîoethanol reagent.
40 mg o-phthaldialdehyde (OPA, Sigma, min. 99%) were dissolved in 1 ml methanol, diluted with 5 ml 0.1 mol/1 Na2B4O7, and 50 ml 2-mercaptoethanol (MCE, Serva) were added. This reagent is stable up to 8 days in a capped, aluminum foilcovered vial in the dark.
LC mobile phase. Methanol-0.1 mol/1 NaH 2 PO 4 (Merck, extra pure) (78: 22, v/v), with pH adjustment to 3.3 with o-phosphoric acid. The mobile phase was filtered through a 0.45 mm membrane (ISO-DISC™ Filters PTFE 25-4, Supelco).
Sample preparation. Corn samples were collected during autumn of 2002 from four localities in Vojvodina. Immediately after sampling, 1000 g of each sample were prepared by grinding in a laboratory mill in such a way that 93% passes through a sieve with pore diameter of 0.8 mm. After that, the sample was homogenized by mixing. Samples prepared in such a way were packed in plastic bags and stored in a freezer at -20°C until analysis. Prior to each analysis, the samples were allowed to reach room temperature.
Principle of determination •
Fumonisins were extracted from corn with acetonitrile-methanol-water. After filtration (and dilution), the crude extract was cleaned-up on one of the columns. The final sample extract was derivatized with o-phthaldialdehyde and 2-mercaptoethanol and analyzed by reversed-phase liquid chromatography with fluorescence detector.
Extraction. 20.0 g samples were extracted twice with 50 ml of acetonitrilemethanol-water (25:25:50, v/v/v) in a laboratory blender for two minutes. The combined extracts were centrifuged at 3000 x g for 10 min, with subsequent supernatant filtration through filter paper (Macherey-Nagel, Type 751, Düren, Germany).
Clean-up of raw extract
Immunoaffinity column clean-up. 10 ml of the filtered extract was diluted with 40 ml of PBS. The diluted extract was then filtered through a 1.0-um microfiber filter (Vicam, Watertown, MA, USA). 10 ml of the filtrate were then applied to an IMA column (FumoniTest™, Vicam, Watertown, MA, USA). After rinsing of the column with 10 ml of PBS, fumonisins were eluted using 3 ml of methanol (MeOH), at a rate of 1 drop per 10-15 seconds. The eluate was evaporated just to dryness at 60°C. Purified residue was redissolved in 200 u.1 acetonitrile-water (50:50, v/v) .
Regeneration of the IMA columns. One IMA column was used five times in a row. Each time, after the elution of toxins, the diluted extract.was applied to the same column. After that, the column was washed with 10 ml of PBS solution, leaving a part of the solution on the column. The column was regenerated at 4°C for 24 h.
SAX column clean-up. 2.5 ml of the filtered extract were applied to a SAX column (LC-SAX SPE Supelclean™, Supelco, Bellefonte, USA, capacity 3 ml, with a 500 mg filling) which was previously conditioned with 3 ml Me-OH and 3 ml of mixture MeOH-water (3:1, v/v). The column was rinsed with 3 ml of mixture MeOH-water (3:1, v/v) and 3 ml MeOH. After that, funionisms were eluted from the column with 3 ml of mixture MeOH-acetic acid (99:1, v/v). The rate of elution was 1 drop per 1 0-15 seconds. The eluate was evaporated just to dryness at 80°C, 1 -2 ml of MeOH were added and once again evaporated to dryness. Purified residue was redissolved in 200 ul acetonitrile -water (50:50, v/v).
Regeneration of the SAX columns. One SAX column was used five times in a row. Each time, after the elution of toxins, the raw extract was applied to the same column. After that, the column was regenerated by washing with 5 ml of 0.1 mol/1 water solution of HC1 and 8 ml water, filled with MeOH and left at room temperature for 24 h.
RP C, 8 column clean-up. 5 ml of the filtered extract were diluted with 12 ml of 1 % KC1 solution and filtered through 1.0-um microfiber filter paper. Af ter that, 8.5 ml of the diluted extract were applied to a RP C, 8 column (LC-18 SPE Tubes Supelclean™, Supelco, Bellefonte, USA, -10% C, endcapped, capacity 6 ml, with a l g filling), previously conditioned with 5 ml MeOH and 5 ml 1% KC1 solution. The column was eluted with 10 ml of acetonitrile-1% KC1 (2:8, v/v) mixture. Fumonisins were subsequently eluted with 12 ml of mixture acetonitrile-water (7:3, v/v), the rate of elution being 1 drop per 10-15 seconds. The eluate was evaporated just to dryness at 60°C. Purified residue was redissolved in 200 ul acetonitrile -water (50:50, v/v).
<• ;
Derivatization and liquid chromatography ., .
A 50 ul aliquot of the extract was mixed with 50 ul of the OPA-MCE re agent at room temperature with the reaction time of one minute with stirring. 20 ul of derivatized solution were injected into the LC system. The equipment consisted of an LC system -BioRad 2800 with Supelcosil™ LC-18-DB co lumn (250 x 4.6 mm id, particle size 5 mm) with a fluorescence detector Hewlett Packard 1046A, response time 4 s, flash frequency 220 Hz. LC pump delivered 1 ml/min constant flow rate. Wavelength of excitation radiation was 220 nm and emission 440 nm. . ., , . ... ; , RESULTS AND DISSCUSION • , . ;
In our previous work, optimal conditions were established for separation and determination of fumonisins by the LC method, as well as the clean-up efficiency of IMA columns for spiked corn sample crude extract (A b r a m ov i c et al., 2005) . The possibility of multiple use and regeneration of IMA columns was investigated as well. It was found that the efficiency of successive clean-up on one IMA column for FB, is 89.0±7.1%, and for FB2 88.5+1.3%, i.e. after column regeneration 88.5+11.6% for FB, and 92.5+7.5% for FB2 (the average of 5 measurements in both cases).
The study of efficiency of crude spiked corn sample extract clean-up on SAX and RP C18 columns, as well as the possibility of their multiple use and regeneration was continued in this work. It was found that SAX columns can be used five times in a row and at least once more after regeneration. The achieved efficiency of SAX columns is higher and has a value of 109.4±6.9% for FB, and 92.1+6.8% for FB, (the average of 5 measurements), and after regeneration 109.7% a nd 95.9%. However, the clean-up procedure is significantly more complicated and long-lasting in comparison to IMA columns.
When the possibility of multiple use and regeneration of RP C 18 columns was investigated, it was found that they can be used only once, as well as that they can't be regenerated. Also, the efficiency of FB, and FB 2 determination in the spiked com sample after crude extract clean-up is the lowest on RP C, 8 columns, its value being 82.4+9.2% for FB, and 74.5±5.2% for FB2.
At the end, all three clean-up procedures for crude extract of corn samples naturally contaminated with FB, and FB2 used for LC determination were compared in this work. Chromatograms for corn sample with the highest fumonisins content after crude extract clean-up by use of all three types of columns are presented in Fig. 1 , and the results of fumonisins determination are given in Table 1 . As can be seen, Chromatographie separation of FB, peak from the matrix peaks is poorer in the case of eluate from SAX and RP Clg columns.
Tab. 1 -The influence of crude extract clean-up procedure on the results of fumonisins determination in c.nrn
In chromatograms presented in Fig. 1 a peak appearing immediately before FB2 can be noted. From the results of authors who also determined FB3 (Sydenham et al., 1992 ; F a z e k a s et al., 2000; VICAM, 1997), because of the similarity in the appearance o f chromatograms, its presence in the sample analyzed in this work can be presumed. Unfortunately, due to the lack of the standard we weren't able to confirm this presumption.
As can be seen in Table 1 , there is no significant difference in the obtained results for fumonisins content, regardless of the crude extract clean-up procedure.
From the above results, it can be concluded that the use of IMA columns for clean-up of crude extract o f naturally contaminated corn samples and LC with fluorescence detection provide the best results. Aside from the fact that the purest extract was obtained by clean-up of crude corn extract on IMA columns, the clean-up procedure is the simplest and the fastest. Also, because of the possibility of regeneration of IMA columns (Abramovic et al., 2005) , it is possible to prepare more samples using one column. Therefore, having all said in mind, lower price of SAX and RP C, 8 columns is not of great significanc e.
VIC AM SCIENCE TECHNOLOGY (1997) Prirodno-matematicki fakultet, Departman za hemiju, Trg Dositeja Obradovica 3, 21000 Novi Sad, Srbija i Crna Gora 2 Naucni institut za veterinarstvo "Novi Sad", Rumenacki put 20, 21000 Novi Sad, Srbija i Crna Gora Rezime Fumonizini su grupa jedinjenja svrstana u fuzarijumske mikotoksine. Cesti su kontaminenti kukuruza i proizvoda od kukuruza. Pored toga što izazivaju toksicne efekte kod razlicitih vrsta životinja, smatra ce da izazivaju kancer jednjaka kod ljudi. U literaturi su opisane razlicite tehnike za odredivanje fumonizina, kao i razlicite metode odredivanja primenom iste tehnike. S obzirom na cinjenicu da su fumonizini prisutni u veoma malim koncentracijama a u veoma kompleksnim medijumima, jedan od najznacajnijih koraka y analizi je priprema, odnosno precišcavanje sirovog ekstrakta uzorka. Primenjujuci prethodno utvrdene optimalne uslove za odredivanje fumonizina B1 i B 2 tecnom hromatografijom sa fluorescentnim detektorom, u ovom radu je uporedena efikasnost razlicitih nacina precišcavanja sirovog ekstrakta iz uzorka kukuruza koje prethodi njihovom odredivanju. Ispitana je efikasnost odredivanja fumonizina y prirodno kontaminiranim uzorcima kukuruza nakon precišcavanja sirovog ekstrakta na imunoafinitetnim (IMA) kolonama, jakim anjonskim izmenjivackim (SAX) kolonama, kao i na kolonama sa S, 8 reverznom fazom (RP S 18 ). Na osnovu postignutih rezultata ispitivanja može se konstatovati da He-Ma signifikantne razlike u dobijenim rezultatima sadržaja fumonizina nezavisno od nacina precišcavanja sirovog ekstrakta. Medutim, primena IMA ko-lona za precišcavanje daje najcistiji ekstrakt, a sam postupak precišcavanja je najjednostavniji i najbrži. Takode, zbog mogucnosti regeneracije IMA kolona, moguce je pripremiti deset uzoraka na jednoj koloni, te uzimajuci sve navedeno u obzir, niža cena SAX i RP S 18 kolona nema veceg znacaja.
